A unified management and control model is developed to investigate the response capacity and rapid response capability of different demand-side resources. Firstly, the state models of distributed generations (DGs), electric vehicles (EVs) and thermostatically-controlled loads (TCLs) are established. Then a unified state model of different demand resources is developed for power management and control is developed. A test case is used to validate the effectiveness of the unified management and control model. 
Introduction
In recent years, there have been growing interests in the flexibility of the demand-side resources (e.g., distributed generations (DGs), electric vehicles (EVs), thermostatically-controlled loads (TCLs) [1] . The demand-side resources are able to serve as the energy storage system to provide ancillary services, such as the load shaping [2] , the frequency regulation [3] and the voltage stability [4] , for the power grid. The aggregator of the demand-side resources is able to manage and control the available resource units in its function region. However, due to their different response characteristics, there have not been a unified management and control model for describing different demand resources. In order to obtain the response capacity and realize the power control uniformly of different types of demand-side resources, a unified state model for power management and control is rather important.
In this paper, a unified management and control model for demand-side resources is developed to investigate the response capability of different kinds of resources. The state models of the DGs, the EVs and the TCLs at the demand side are established to describe the response characteristic of each resource unit. Based on the state models of different resources, the unified management and control model for the demand-side resources is developed. This model is able to obtain the response capacity and realize the power management and control of different demand resources.
Framework of Unified Management and Control Model
The hierarchical framework of the unified management and control model for demand-side resources in one function region is shown in Fig. 1 . An aggregator is assumed to be responsible for managing the exchanged power of different kinds of demand resources. Although the response capacity of one resource unit is small, the aggregated capacity of a number of demand resources managed by the aggregator is considerable. The demand resources, such as the DGs, the EVs and the household TCLs, are able to supply part of loads under the demand resource aggregator. The aggregator acquires the information flow *Yunfei Mu. Tel.: +86-1582-250-9583; fax: +86-022-27892809. E-mail address: yufeimu@tju.edu.cn.
including the resource type, the exchanged power and the operation status of demand resources, which is mention in the following sections. According to the information, the power demand of the power grid is then calculated and allocated to all the available resources. These resources follows the control signal from the aggregator, and the control for the exchanged power of these resources is realized. Fig. 1 . Framework of the unified management and control model for demand-side resources.
Demand-Side Resource Modelling

State model of DG
DG, such as the rooftop photovoltaic panels and the small-size wind turbines, inject power to the distribution network. The state model of the distributed generation is given by (1). , , , , ,
where ,
E is the state of the accumulated energy provided by the DG j at time t; , G j t P is the exchanged power (i.e., the power generation), and G j P is the generation limitations of ,
; t is the time interval for simulation; G j Q is the accumulated energy with rated power generation calculated by (2).
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where is , G j rated P the rated power generation; T is the simulation cycle (i.e., one day).
State model of EV
For a grid-connected EV, the operation area (shaded area shown in S ) refers to the normalized SOC of EV j, which is determined by (3). When connected to the distribution network, the state model of one EV is given by (4). 
